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COMPONENT PLACEMENT APPARATUS,
COMPONENT PLACEMENT SETTING
CALCULATION APPARATUS, PROGRAM,
AND COMPONENT PLACEMENT SETTING
CALCULATION METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a technique 1n which mul-
tiple placement heads pick up components from a pallet, and
place the components on a circuit board located 1n one direc-

tion with respect to the pallet.
2. Description of the Related Art

In a component placement apparatus, in which a placement
head, which moves between a component pickup position and
a component placement position, picks up a component
located at a component supply position (component pickup
position), transports and places the component on a circuit
board at the component placement position, it 1s necessary to
generate 1n advance a component placement setting, such as a
mounting position on a component supply tray (hereinafter,
referred to as a “pallet”) of a component supply unit storing
component to be placed on the circuit board, components
pickup sequencing by the placement head, and placement
sequencing.

By way of example, “An algorithm of feeder arrangements
and pickup sequencing ol component placement machine of
printed circuit board, Tsuyoshi Yamada, Ryuhe1 Miyashiro,
and Mario Nakamori, IPSJ (Information Processing Society
of Japan) SIG Technical Report, 2005-MPS-35(3), pp. 9-12,
Jun. 28, 2005, heremnatter referred to as “non-patent docu-
ment 17, discloses a technique to calculate a component
placement setting 1n a component placement machine under
the condition that the component placement machine 1s pro-
vided with only one placement head and there 1s no possibility
that multiple placement heads access simultaneously the cir-
cuit board and the pallet that 1s arranged 1n one direction with
respect to the circuit board.

SUMMARY OF THE INVENTION

The technique described 1n the non-patent document 1
above calculates the component placement setting in the com-
ponent placement machine having only one placement head,
without any possibility that multiple placement heads access
simultaneously the circuit board and the pallet arranged 1n
one direction with respect to the circuit board. Ifthe technique
described 1n the above document 1s employed for calculating
the component placement setting 1n a component placement
machine in which multiple placement heads access simulta-
neously the circuit board and the pallet arranged 1n one direc-
tion with respect to the circuit board, collision may occur
among the placement heads, disabling an appropriate com-
ponent placement.

In view of the problem above, an object of the present
invention 1s to provide a technique that avoids occurrence of
interference among multiple placement heads, when multiple
placement heads simultaneously access the circuit board and
the pallet which 1s arranged in one direction with respect to
the circuit board.

In order to solve the problem above, the present invention
1s directed to a configuration which avoids interference
among the placement heads, when multiple placement heads
pick up components from the pallet and place the components
on the circuit board.
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2

By way of example, the present invention 1s directed to a
component placement apparatus 1n which multiple placement
heads are allowed to operate simultaneously to pick up com-
ponents from a pallet, and to place the components on the
circuit board arranged 1n one direction with respect to the
pallet, the component placement apparatus being provided
with a controller to perform a processing, during one opera-
tion that the multiple placement heads pick up the compo-
nents from the pallet and place the components on the circuit
board, for specifying a pair of component groups to be simul-
taneously picked up from the pallet by the multiple placement
heads so that an area where the multiple placement heads
move 1n an overlapping manner 1s minimized, and a process-
ing for allowing the placement heads to simultaneously pro-
vide operations to pick up the components included respec-
tively 1n the component groups forming the pair, and to place
the components being picked up on the circuit board.

As described above, according to the current invention, 1t 1s
possible to prevent multiple placement heads from interfering
with one another, when the multiple placement heads simul-
taneously access the circuit board and the pallet that 1s
arranged 1n one direction with respect to the circuit board.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 schematically illustrates the component placement
system 100;

FIG. 2 schematically 1llustrates the component placement
apparatus 110;

FIG. 3 schematically 1llustrates the component placement
apparatus information table 121q;

FIG. 4 schematically illustrates the mount circuit board
information table 122a;

FIG. 5 schematically illustrates the mount component
information table 123a;

FIG. 6 schematically illustrates the component placement
setting information table 124q;

FIG. 7 schematically illustrates the component placement

part 150 and the pallet 160;

FIG. 8 1s a schematic illustration to explain the case where
the placement head 151B 1s located at an escape position;

FIG. 9 schematically 1llustrates the computer 900;

FIG. 10 schematically 1llustrates the database server

FIG. 11 1s a PAD showing the processing to generate the
component placement setting information;

FIG. 12 1s a PAD showing the processing to divide the
pallet into blocks;

FIG. 13 1s a PAD showing the processing to calculate a
location of the component supply unit;

FIG. 14 1s a PAD showing the processing to calculate a
block assignment to the component supply unit;

FIG. 15 1s a PAD showing the processing to a mount
position of the component supply unait;

FIG. 16 1s a PAD showing the processing to calculate a
placement group;

FIG. 17 1s a PAD showing the processing to calculate an
assignment of the placement group;

FIG. 18 schematically 1llustrates a placement group inter-
ference graph 192;

FIG. 19 1s a PAD showing a procedure of component
placement; and

FI1G. 20 schematically 1llustrates the component placement
setting calculation apparatus 210.

DESCRIPTION OF THE PR.
EMBODIMENTS

(L]
Y

ERRED

FIG. 1 schematically 1llustrates the component placement
system 100 according to one embodiment of the present
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invention. As illustrated, the component placement system
100 1s provided with a component placement apparatus 110
and a database server 180, and the component placement
apparatus 110 and the database server 180 are allowed to
mutually exchange information via a network.

FIG. 2 schematically illustrates the component placement
apparatus 110. As1llustrated, the component placement appa-
ratus 110 1s provided with a storage part 120, a controller 140,
a component placement part 150, a pallet 160, an input part
170, an output part 171, and a communication part 172.

The storage part 120 1s provided with a component place-
ment apparatus information storage area 121, a mount circuit
board information storage area 122, a mount component
information storage area 123, and a component placement
setting information storage area 124.

The component placement apparatus information storage
area 121 stores component placement apparatus information
for specilying a configuration of the component placement
apparatus 110. By way of example, 1n the present embodi-
ment, a component placement apparatus information table
121a as shown 1n FIG. 3 (schematic 1llustration of the com-

ponent placement apparatus information table 121a) 1s stored
in the component placement apparatus mformation storage
arca 121.

As 1s shown, the component placement information table
121a 1includes an 1item field 1215 and a value field 121c.

The 1tem field 1215 stores information for specitying items
that constitute the component placement apparatus 110. Par-
ticularly, the 1tems 1n the present embodiment include “pallet
width” for specifying a width that allows mounting of com-
ponent supply units for supplying components or the number
of component supply units that can be mounted, and “head
mimmum approach distance” for specilying a minimum
value of distance indicating how far the placement heads are
allowed to approach one another.

The value field 121¢ stores information for specilying a
value which 1s associated with an item specified 1n the 1tem
field 1215.

Referring to FIG. 2 again, the mount circuit board infor-
mation storage area 122 stores mount circuit board informa-
tion for specifying a component to be placed on the circuit
board by the component placement apparatus 110, and a
position and an angle for placing the component. By way of
example, 1n the present embodiment, a mount circuit board
information table 122a as shown in FIG. 4 (schematic 1llus-
tration of the mount circuit board information table 122a) 1s

stored 1n the mount circuit board information storage area
122.

As 1llustrated, the mount circuit board information table
122a 1includes a placement coordinate and angle field 1225
and a component type field 122/,

The placement coordinate and angle field 12256 stores
information for specifying the position and angle for placing
the component on the circuit board, with respect to each
component.

By way of example, in the present embodiment, the place-
ment coordinate and angle field 1225 incorporates x-field
122¢, y-field 1224, and 0-field 122¢. The x-field 122¢ stores
information for specitying a value of the x-coordinate on a
predetermined x-y coordinate 1n the circuit board on which a
component specified by the component type field 122/ 1s
placed, and the y-field 1224 stores information for specifying,
a value of the y-coordinate on a predetermined x-y coordinate
in the circuit board on which a component specified by the
component type field 122/1s placed, the component type field
122/ being described later.
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4

In addition, the O-field 122¢ stores information for speci-
tying an angle that used for placing the component that 1s
specified 1 the component type field 122/ which will be
described later. By way of example, the angle 1s specified 1n
such a manner that the x-axis direction 1n the predetermined
x-y coordinate 1s assumed as 0 degree, and anticlockwise
rotation 1s assumed as a positive angle, but this 1s not an
exclusive example.

The component type field 122/ stores information for
speciiying a type of the component to be placed on the circuit
board by the component placement apparatus 110. In the
present embodiment here, a name of the component 1s stored
as information for specitying the component type.

Referring to FIG. 2 again, the mount component informa-
tion storage area 123 stores mount component information
for specilying a configuration of the component that 1s placed
on the circuit board by the component placement apparatus
110. By way of example, 1n the present embodiment, a mount
component information table 123a as shown 1in FIG. 5 (sche-
matic 1llustration of the mount component information table

123a) 1s stored 1n the mount component information storage
arca 123.

As 1llustrated, the mount component information table
123a includes a component type name field 1235, a compo-
nent size field 123¢, a weight field 123¢g, and a component
supply unit width field 1234%.

The component type name field 1235 stores information
for specitying a type of the component. In the present
embodiment here, a component name 1s stored as the infor-
mation for specifying the type of the component.

The component size field 123¢ stores information for
specilying a size of the component that 1s specified 1n the
component type field 1235.

By way of example, 1n the present embodiment, the com-
ponent size field 123 ¢ includes x-field 1234, y-field 123e, and
h-field 123/, and a width, a depth, and a height of the compo-
nent specified 1n the component type name field 1235 are
stored respectively in those fields.

The weight field 123 ¢ stores information for specitying the
weight of the component specified in the component type
name field 1235.

The component supply unit width field 1237 stores infor-
mation for specitying the width of the component supply unit
on which the component specified 1n the component type
name field 1235 1s loaded.

Referring to FIG. 2 again, the component placement set-
ting information storage area 124 stores component place-
ment setting information, including information for specity-
ing a position for mounting the component supply unit, and
information for specitying a placement head to pick up a
component from the component supply unit, and pickup-and-
placement sequencing.

By way of example, in the present embodiment, a compo-
nent placement setting information table 124a as shown in
FIG. 6 (schematic 1llustration of the component placement
setting information table 124a) 1s stored in the component
placement setting information storage area 124.

As 1llustrated, the component placement setting informa-
tion table 124a incorporates a component supply unit location
section 1245 and a component placement sequencing section
124e.

The component supply unit location section 1245 includes
information for speciiying a position where the component
supply unit 1s mounted. By way of example, the component
supply unmit location section 1245 includes a mount position
field 124¢ and a component type field 1244,



US 8,340,303 B2

S

The mount position field 124 ¢ stores information for speci-
tying a position where the component supply unit 1s mounted,
the component supply unit loading a component specified in
the component type field 1244 described below. By way of
example, 1 the present embodiment, predetermined 1dentifi-
cation information (e.g., position numbers or the like, serially
numbered from one end of the pallet) 1s assigned at a position
ol the pallet where the component supply unit 1s mounted, and
the 1dentification information 1s stored as to each of the com-
ponents.

The component type field 1244 stores information for
specifying a type of the component that 1s to be placed on the
circuit board. In the present embodiment here, a component
name 1s stored as information for specitying the component

type.

The component placement sequencing section 124e stores
information that specifies a placement head for picking up a
component from the component supply unit, as well as
pickup-and-placement sequencing.

By way of example, in the present embodiment, the com-
ponent placement sequencing section 124¢ includes, a place-
ment coordinate and angle field 1247, a component supply
unit position field 124;, a placement head number field 1244,
and a pickup/placement sequencing field 124/,

The placement coordinate and angle field 124/ stores infor-
mation for specilying a position and angle on the circuit
board, on which the component loaded on the component
supply unit 1s placed, the component supply unit being
located at the position specified by the component supply unit
position field 1247 described below.

By way of example, in the present embodiment, the place-
ment coordinate and angle field 124f includes x-field 124g,
y-field 124/, and 0-field 124i, and these fields respectively
store information for specilying a value of x-coordinate, a
value ol y-coordinate, and an angle for placing the component
on the circuit board on which the component 1s to be placed.

The component supply unit position field 124; stores a
position on the pallet, on which the component supply unit 1s
mounted, the component supply unit loading the component
to be placed on the position of the circuit board at the angle,

which are specified 1n the placement coordinate and angle
field 124/. In the present embodiment here, the component
supply unit position field 124; stores a value being associated
with the value 1n the mount position field 124¢ 1n the compo-
nent supply umt location section 1245b.

The placement head number field 1244 stores information
for identifying a placement head that picks up a component
that 1s loaded on the component supply unit being mounted on
the position that 1s specified in the component supply umit
position field 124j. By way of example, in the present
embodiment, an 1dentification number 1s assigned to each of
the placement heads incorporated in the component place-
ment apparatus 110, and the identification number being
assigned 1s stored 1n the placement head number field 124%.

The pickup/placement sequencing field 124/ stores infor-
mation for specilying sequencing according to which the
placement head picks up the component on the component
supply unit which 1s mounted on the position specified by the
component supply unit position field 1247, and places the
component on the circuit board.

Referring to FI1G. 2 again, the controller 140 incorporates
an overall controller 141, a component placement setting
processor 142, a block division part 143, a location calcula-
tion part 144, a placement group calculation part 145, and a
group assignment calculation part 146.

5

10

15

20

25

30

35

40

45

50

55

60

65

6

The overall controller 141 controls overall processing 1n
the storage part 120, the component placement part 150, the
pallet 160, the input part 170, the output part 171, and the
communication part 172.

The component placement setting processor 142 controls
the overall processing in the controller 140. Particularly 1n the
present embodiment, the component placement setting pro-
cessor 142 performs the processing such as accepting an input
of mformation for specilying a mount circuit board via the
input part 170, reading from the database server 180, mount
circuit board information of the mounted circuit board being
specified and mount component information, and outputting,
the component placement setting information to the output
part 171.

The block division part 143 performs the processing to
divide the pallet 160 1nto virtually predetermined blocks.

The location calculation part 144 performs a processing to
locate a component supply unit into each ofthe blocks that are
virtually divided by the block division part 143.

The placement group calculation part 145 performs pro-
cessing for specitying a placement group which identifies a
group ol components to be placed with respect to each place-
ment head, while the placement head moves back and forth
once.

The group assignment calculation part 146 performs pro-
cessing for assigning the placement group calculated by the
placement group calculation part 145 to each of the place-
ment heads, and specifies a location of the component place-
ment unit, and the pickup-and-placement sequencing of the
components, so as to generate component placement setting
information. In the present embodiment here, the group
assignment calculation part 146 specifies a location of the
component placement unit and the component pickup-and-
placement sequencing, so as to avoid a collision between the
placement heads (so as to minimize the amount of interfer-
ence between the placement heads) when the components are
picked up and placed.

The component placement part 150 1ncorporates place-
ment heads, an X-Y robot for moving the placement heads,
and a circuit board loading table for loading a circuit board.

In the present embodiment, as shown 1n FIG. 7 (schematic
illustration of the component placement part 150 and the
pallet 160), multiple placement heads 151 A and 151B pick up
components from the pallet 160 arranged in one direction
with respect to the circuit board 191, and place the compo-
nents being picked up onto the circuit board 191 loaded on the
circuit board loading table 153.

As thus described, 1n the case where the multiple place-
ment heads 151 A and 151B access the circuit board 191 and
the pallet simultaneously, there may occur an interference
between the placement heads 151 A and 151B. Therefore, 11
there 1s an 1nterference between the placement heads 151 A
and 151B, as shown 1n FIG. 8 (schematic illustration for
explaining the situation where the placement head 151B 1s
located at an escape position), 1t 1s necessary that any one of
the placement heads 151A and 151B (1in the example here,
indicating the placement head 151B that 1s located further
from the pallet 160 than the other placement head) 1s with-
drawn to the escape position for avoiding the interference
between the placement heads 151 A and 151B (1n the example
here, the escape position represents a predetermined position
deviating from an areca where the placement head 151A
moves to pick up and convey the component and to place the
component onto the circuit board 191).

It1s to be noted that in the present invention, the component
placement setting information 1s generated 1n such a manner
that the placement heads 151 A and 151B are allowed to pick
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up, convey, and place the component efficiently, with little
possibility of withdrawal to the escape position as possible.

As shown 1n FIG. 7, the component supply units 161 are
mounted on the pallet 160, and the pallet 160 controls the
component supply units 161 being mounted, so as to locate
the components loaded on the component supply unit 161 on
positions where the placement heads 151A and 151B are
allowed to perform the pickup.

The mput part 170 accepts an mput of information.

The output part 171 outputs information.

The communication part 172 sends and recetves informa-
tion via the network 190.

As shown 1n FIG. 9 (schematic 1llustration of a computer
900), the component placement apparatus 110 as described
above may be implemented by the computer 900 incorporat-
ing a CPU (Central Processing Unit) 901, a memory 902, an
external storage device 903 such as HDD (Hard Disk Drive),
a reader/writer 905 for reading information from and writing
information to a storage medium 904 having a portability
such as CD-ROM (Compact Disk Read Only Memory) and
DVD-ROM (Digital Versatile Disk Read Only Memory), an
input device 906 such as a keyboard and a mouse, an output
device 907 such as a display, and a communication device 908
such as NIC (Network Interface Card) for establishing con-
nection with a communication network, the computer 900
turther provided with the component mounting device
including the X-Y robot, the placement heads (not 1llus-
trated), the circuit board mounting table, and the pallet device
(not illustrated).

By way of example, the CPU 901 utilizes the memory 902
or the external storage device 903 to implement the storage
part 120, the controller 140 1s implemented by loading in the
memory 902 a predetermined program stored in the external
storage device 903 and the CPU 901 executes the program,
the CPU 901 utilizes the component mounting device not
illustrated, thereby implementing the component placement
part 150, the CPU 901 utilizes the pallet device not illustrated
to implement the pallet 160, the CPU 901 utilizes the input
device 906 to implement the mput part 170, the CPU 901
utilizes the output device 907 to implement the output part
171, and the CPU 901 utilizes the communication device 908
to implement the communication part 172.

The predetermined program may be downloaded from the
storage medium 904 via the read and write device 905, or
from the network via the communication device 908, into the
external storage device 903, and then loaded 1into the memory
902 to be executed by the CPU 901. Alternatively, the prede-
termined program may be downloaded from the storage
medium 904 via the read and write device 905, or from the
network via the communication device 908, and directly
loaded 1nto the memory 902 to be executed by the CPU 901.

FIG. 10 1s a schematic 1llustration of the database server
180.

As 1llustrated, the database server 180 incorporates a stor-
age part 181, a controller 184, and a communication part 185.

The storage part 181 1ncorporates a circuit board master
information storage area 182 and a component master infor-
mation storage area 183.

The circuit board master information storage arca 182
stores circuit board master information for specilying a com-
ponent to be placed on the circuit board by the component
placement apparatus 110, and a placement position and angle
of the component. By way of example, 1n the present embodi-
ment, table information having the same configuration as the
mount circuit board information table 122a as shown 1n FIG.
4 1s stored as the circuit board master information, with
respect to each circuit board.
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The component master information storage area 183 stores
component master information for specitying a configuration
of the component to be placed on the circuit board by the
component placement apparatus 110. By way of example, 1n
the present embodiment, table information having the same
configuration as the mount component information table
123a as shown 1n FIG. 5 1s stored as the component master
information.

The controller 184 manages the information stored 1n the
storage part 181. Particularly in the present embodiment, 1n
response to a request from the component placement appara-
tus 110, the controller 184 controls a processing for sending
the circuit board master information stored in the circuit
board master mnformation storage area, and the component
master information stored in the component master informa-
tion storage area 183, to the component placement apparatus
110.

The communication part 185 sends and recerves informa-
tion via the network 190.

The database server 180 as described above may also be
implemented by the computer 900 as shown 1 FIG. 9, for
instance.

By way of example, the CPU 901 utilizes the memory 902
or the external storage device 903 to implement the storage
part 181, the controller 184 can be implemented by loading a
predetermined program stored 1n the external storage device
903 into the memory 902 and executing the program by the
CPU 901, and the CPU 901 utilizes the communication
device 908 to implement the communication part 183.

The predetermined program may be downloaded from the
storage medium 904 via the read and write device 905, or
from the network via the communication device 908, into the
external storage device 903, and then loaded 1into the memory
902 to be executed by the CPU 901. Alternatively, the prede-
termined program may be downloaded from the storage
medium 904 via the read and write device 905, or from the
network via the communication device 908, and directly
loaded into the memory 902 to be executed by the CPU 901.

FIG. 11 1s a PAD (Problem Analysis Diagram) showing a
processing for generating the component placement setting
information by the component placement apparatus 110.

Details of the PAD are described i “Program Techniques,
Structured Programming using PAD, JOHO KOGAKU
KISO KOZA (Computer Science Basic Course) 4”, Yoshi-
hiko Nimura, OMU Co., 1984.

The component placement setting processor 142 accepts
an mput from a user of the component placement apparatus
110 as to the mformation (e.g., circuit board ID) for specify-
ing a type of the circuit board on which the component place-
ment apparatus 110 places a component (510).

Next, the component placement setting processor 142
reads from the database server 180, table information of the
circuit board being associated with the circuit board ID being
inputted, and component information specified in the table
information (S11).

Specifically, the component placement setting processor
142 sends a read request including the information that speci-
fies the circuit board ID being nputted in step S10, to the
database server 180 via the communication part 172.

In the database server 180, which has received the read
request as described above, the controller 184 acquires from
the circuit board master information storage arca 182, the
table mnformation being associated with the circuit board 1D
included in the read request. The controller 184 extracts infor-
mation (component type name, 1n this example) for specily-
ing a type of the component that 1s stored 1n the component
type field of the table mformation being acquired, and
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acquires from the component master information storage area
183, arecord being associated with the component type name
being extracted.

Then, the controller 184 sends the table information and
the record, having been acquired as described above, to the
component placement apparatus 110 via the communication

part 185.

In the component placement apparatus 110 that has
received the table information and the record, the component
placement setting processor 142 stores the received table
information in the mount circuit board information storage
area 122 as a mount circuit board information table 1224, and
turther generates a table 1n which the received record 1is
stored, so as to store the table 1n the mount component infor-
mation storage area 123, as the mount component informa-
tion table 123a.

Next, the block division part 143 divides the pallet 160 by
block width “w”, which 1s predetermined virtually, and gen-
erates blocks (S12). This processing will be explained 1n
detail later with reference to FI1G. 12.

Next, the location calculation part 144 arranges component
supply units respectively in the blocks, which are virtually
divided by the block division part 143 (513).

The location calculation part 144 decides a block to assign
the component supply unit and calculates a position of the
component supply unit within the block being decided, 1n
such a manner that the number of components to be placed
from the component supply unit located in each of the blocks
1s as even as possible, and mean coordinates for placing the
components from the component supply units located 1n each
of the blocks are as close to one another as possible. It 1s to be
noted that this processing will be explained 1n detail with
reference to FIG. 13 to FIG. 15.

Next, the placement group calculation part 145 calculates a
placement group for specifying a group of components to be
placed, with respect to each placement head, while the place-
ment head goes and returns once between the component
pickup position and the component placement position (S14).

In the calculation of the placement group, the placement
group 1s generated 1n such a manner that all the component
supply units storing the components constituting the place-
ment group belong to the same block, and the placement
coordinates of the components constituting the placement
group are as close as possible to one another. It 1s to be noted
that this processing will be explained in detail with reference
to FIG. 16.

Next, the group assignment calculation part 146 assigns the
placement group calculated by the placement group calcula-
tion part 145 to each of the placement heads, and specifies
locations of the component placement units and component
pickup-and-placement sequencing (S13). Here, according to
the assignment of the placement group to each of the place-
ment heads, it 1s determined with which placement head and
at which position 1n going and returning sequencing of the
placement head, the constituent components belonging to
cach placement group are placed. It 1s to be noted that this
processing will be explained 1n detail with reference to FIG.
17 and FIG. 18.

Next, the group assignment calculation part 146 stores the
locations of the component supply umits and the component
placement sequencing, which are calculated by steps S10 to
S15, respectively in the component supply unit location sec-
tion 1245 and the component placement sequencing section
124¢, thereby generating the component placement setting
information table 1244, and the table 1s stored 1n the compo-
nent placement setting information storage area 124 (516).
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Then, the component placement setting processor 142 pro-
cesses the component placement setting information table
124a being generated into a predetermined display format,
and displays 1t on the output part 171 (S17).

FIG. 12 1s a PAD showing a processing to divide the pallet
into blocks, which is performed 1n step S12 shown in FI1G. 11.

The block division part 143 generates a block list to store
information for specitying each block (S20) Initial state of the
block list 1s assumed as an empty set.

Next, the block division part 143 calculates block width w
(S21). Here, the block width w 1s assumed as between or
equal to a minimum approach distance of the placement head
and the pallet width. In the present embodiment, the block
width w 1s assumed as the minimum approach distance of the
placement head, but this 1s not an exclusive example.

Next, as shown 1n FIG. 7, the block division part 143
generates a temporary variable z, which represents a coordi-
nate value on z-coordinate assuming the direction from one
end to the other of the pallet 160 as a positive direction, and
initializes the variable to zero (S22).

Next, the block division part 143 repeatedly executes the
processing steps S24 and S25, as far as a value of the variable
7z 1alls 1nto a range of the pallet width (523)

Then, the block division part 143 assumes a range [z, z+W]
on the pallet 160 as one block, and adds the block to the block
list (S24).

Next, the block division part 143 updates the temporary
variable z to z+w (S25).

FIG. 13 1s a PAD showing a processing to calculate a
location of the component supply unit as shown 1n FIG. 11.

The location calculation part 144 generates a component
supply unit prioritized list, in which priority 1s given to the
component supply unit (S30) Here, the component supply
unit prioritized list 1s a list including the component supply
units, on which components to be placed on a circuit board by
the component placement apparatus 110 are loaded, the com-
ponents being sorted in descending order, using the number of
the components to be placed from each of the component
supply units as a key.

Next, the location calculation part 144 performs assign-
ment of the block to mount the component supply umit
thereon, 1n such a manner that the number of components to
be placed from the component supply units assigned to each
of the blocks 1s as even as possible, and the mean coordinates
for placing the components from the component supply units
located 1n each of the blocks are as close to one another as
possible (S31). It 1s to be noted that the processing above will
be explained 1n detail with reference to FIG. 14.

Next, the location calculation part 144 calculates a position
for mounting each component supply unit, by using a cyclic
path that approximates a shortest cyclic path of the mean
coordinate for placing the component from each component
supply unit which 1s assigned to each block (S32). It 1s to be
noted that this processing will be explained 1 detail with
reference to FI1G. 15.

FIG. 14 1s a PAD showing a processing for calculating a
block assignment of the component supply unit in step S31 as
shown 1n FIG. 13.

The location calculation unit 144 repeatedly executes the
processing from step S41 to step S56, which will be described
below, until the component supply umit prioritized list gener-
ated 1n step S30 of FIG. 13 becomes empty (S40).

In step S41, the location calculation part 144 selects a
component supply unit r that 1s recorded on the top of the
component supply unit prioritized list.

In step S42, the location calculation part 144 mitializes
“mmsBIK” to “-~17, which 1s a temporary variable (a block
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number as an msertion destination) for mounting the compo-
nent supply unit r selected 1n step S41.
In step S43, the location calculation part 144 initializes the

temporary variable “minMaxINum™ representing the smallest
value of “a maximum value of the number of components
placed from the component supply umts mounted in each
block™, to +co (the largest number that can be handled by the
location calculation part 144).

In step S44, the location calculation part 144 itializes a
temporary variable “minDist” representing a minimum value
of the distance between a mean coordinate for placing the
components from the component supply unit already
mounted on each block and a mean coordinate for placing the
components from the component supply unit r, to +o (the
largest number that can be handled by the location calculation
part 144).

In step S435, the location calculation part 144 repeatedly
executes the steps S46 to S52 described below, as to all the
blocks “blk™ which are stored in the block list generated in
step S12 1n FIG. 11. In other words, 1n step S45, an arbitrary
block blk, which 1s not subjected to the processing from steps
S46 to S52 described below, 1s selected from the blocks stored
in the block list generated 1n step S12 of FIG. 11, and steps
546 to S52 described below are executed for the block.

In step S46, the location calculation part 144 determines
whether or not the component supply unit r can be mounted
on the block blk that 1s selected in step S43, and 11 the result
1s “No”’, the processing proceeds with S47. It 1s to be noted, 1n
the present embodiment, a sum wBIlk of the width of the
component supply umt which 1s already determined to be
mounted on the block blk, and the width of the component
supply unit r 1s figured out. If wBlk=w 1s satisfied, 1t 1s
determined that the mounting 1s possible.

In step S47, the location calculation part 144 returns to step
S45 to select a different block and repeats the processing.

In step S48, the location calculation part 144 assumes that
the component supply unit r 1s mounted on the block blk, and
calculates the number of components to be placed from all the
component supply units mounted on the block blk, and this
number of components 1s assumed as a maximum number of
placement maxNum.

In step S49, the location calculation part 144 calculates a
distance “dist” between the mean coordinate for placing the
components from all the component supply units mounted on
the block “blk”, and the mean coordinate for placing the
component from the component supply unit r. Here, the mean
coordinate for placement may be obtained by calculating an
arithmetic average of the coordinates of respective compo-
nents placed from the component supply units, with regard to
cach of x-coordinate and y-coordinate.

In step S50, the location calculation part 144 determines
whether or not either one of the following two conditional
expressions (conditional expression 1 and conditional
expression 2) 1s satisfied, and 1t the result 1s “No”, the pro-
cessing proceeds with step S31, returns to step S45, and a
different block 1s selected to repeat the processing.

maxNum<minMaxNum Conditional expression 1

maxNum=mimMaxNum and dist<minDist Conditional expression 2

In step S52, the location calculation part 144 updates the
values of insBlk, minMaxNum, and minDist, to “blk™, “max-
Num”, and “dist”, respectively.

In step S53, the location calculation part 144 determines
whether or not “imnsBlk”1s -1, and if the result1s “Yes™, in step
S54, an error message such as “there 1s a component supply
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unit that cannot be mounted” to the output part 171, notifies a
user of the result, and terminates the processing.

In step S535, the location calculation part 144 inserts the
component supply unitr ito the block insBlk, in other words,
a mounting position of the component supply unit r is
assigned to the block insBlk (block assignment).

In step S356, the location calculation part 144 deletes the
component supply unit r from the component supply unit
prioritized list.

FIG. 15 1s a PAD showing a processing to calculate the
mounting position of the component supply unit in step S32
of FIG. 13.

The location calculation part 144 executes the processing,
from steps S61 to S69 as to all the blocks blk. In other words,
arbitrary blocks blk are selected one by one from the blocks
stored 1n the block list that 1s generated 1n step S12 of FIG. 11,
and those blocks are subjected to the processing executed 1n
steps from S61 to S69 described below.

In step S61, the location calculation part 144 generates a
l1st of the component supply units belonging to the block blk.

In step S62, the location calculation part 144 1nitializes a
current coordinate cPtr, which 1s used in the processing
described below, to the origin point (0, 0). Here, as shown 1n
FIG. 7, the position of the origin point (0, O) may be assumed
as an optional edge part (the edge part on the observer’s
lower-lett in FI1G. 7) of the circuit board 191 that 1s formed 1n
a shape of rectangle, but this 1s not an exclusive configuration.

In step S63, the location calculation part 144 itializes
temporary variable u indicating a mounting position of the
component supply unit to a start position of the block blk.
Here, the start position of the block may be specified as any
position on z-axis as shown in FIG. 7.

In step S64, the location calculation part 144 executes the
processing from steps S65 to S69 as described below, until the
component supply umt list generated 1n step S61 becomes
empty.

In step S65, the location calculation part 144 checks the
component supply unit list sequentially, and selects a com-
ponent supply unit r having a mean coordinate for placing the
component from the component supply unit, which is the
closest to the current coordinate cPtr.

In step S66, the location calculation part 144 sets “u”, as a
mounting position of the component supply unit r that 1s
selected 1n step S65.

In step S67, the location calculation part 144 updates the
current coordinate cPtr to the mean coordinate for placing the
component from the component supply unit r.

In step S68, the location calculation part 144 deletes the
component supply unit r from the component supply unit list.

In step S69, the location calculation part 144 updates the
coordinate u to (u+the width of the component supply unit r).

FIG. 16 1s a PAD showing a processing for calculating the
placement group in step S14 of FIG. 11.

At first, the placement group calculation part 145 executes
the processing of steps S71 to S80 described below, as to all
the blocks blk belonging to the block list that 1s generated 1n
step S12 of FIG. 11 (870). In other words, the placement
group calculation part 145 selects a block blk one by one from
all the blocks belonging to the block list generated 1n step S12
of FIG. 11, and these blocks are subjected to the processing

from step S71 to S80 described below.

In step S71, the placement group calculation part 145 gen-
erates a placement group list. Here, the imitial state of the
placement group list 1s an empty set.
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In step S72, the placement group calculation part 145 gen-
erates a placement component list, which 1s a list of compo-

nents to be placed from the component supply units belong-
ing to the block blk.

In step S73, the placement group calculation part 145 1ni-
tializes the current pickup coordinate cPPtr used 1n the pro-
cessing described below to the origin point (the origin point O
of z-axis as shown 1n FIG. 7), and the current placement
coordinate cMPtr to the origin point (the origin point (0, 0) on
the x-y coordinate as shown in FIG. 7).

In step S74, the placement group calculation part 145
executes the processing from steps S735 to S80 described
below, until the placement component list becomes empty.

In step S75, the placement group calculation part 145 adds
a new placement group g (1in this example here, 1t 1s an empty
set) to the placement group list.

In step S76, the placement group calculation part 145
executes the processing from step S77 to step S80 described
below, as far as the size (the number of constituent compo-
nents) of the placement group g 1s smaller than the number of
pickup nozzles provided on one placement head.

In step S77, the placement group calculation part 145
sequentially checks the placement component list, and selects
a component “c” which has a minimum sum of “the distance
between a mount position of the component supply unit stor-
ing the component and the current pickup coordinate cPPtr”,
and “the distance between the coordinate for placing the
component and the current placement coordinate cMPtr”.

In step S78, the placement group calculation part 145 adds
the component “c” to the placement group “g”.

In step S79, the placement group calculation part 145
updates the current pickup coordinate cPPtr to the mount
position of the component supply unit which stores the com-
ponent “c”, and updates the current placement coordinate
cMPtr to the placement coordinate of the component “c”.

In step S80, the placement group calculation part 145
deletes the component “c” from the placement component
list.

FI1G. 17 1s a PAD showing a processing for calculating the
assignment ol the placement group 1n step S15 of FIG. 11.

At first, 1n step S90, the group assignment calculation part
146 performs the processing from step S91 to S94 described
below, and calculates inter-placement group interference
amount (indicating to what extent the component supply unit
mounting positions are overlapping and the component
placement coordinates are overlapping).

In step S91, the group assignment calculation part 146
executes the processing from steps S92 to S94 as described
below, as to all combinations of pairs (gl, g2) of the place-
ment groups belonging to the placement group list which 1s
generated 1 the processing for calculating the placement
group 1n step S14 of FIG. 11. In other words, the group
assignment calculation part 146 selects an arbitrary combi-
nation of pairs (g1, g2) one by one from all the combinations
of pairs of the placement groups belonging to the placement
group list which 1s generated in the processing for calculating
the placement group 1n step S14 of FIG. 11, and then the
combination of pairs 1s subjected to the processing from step
S92 to step S94 as described below.

In step S92, the group assignment calculation part 146
calculates a pickup-time interference amount corp (gl, g2)
between the combination of pairs (g1, g2), according to the
formula (1).

[Formula 1]}

corP(gl,g2)=Max{Min(zMax1-zMin2, zMax2-z

Min1),0} (1)
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Here, 1in the formula 1, “zMinl” and “zMax1” represent
respectively a minimum value and a maximum value of the
mounting position of the component supply unit which stores
constituent components of the placement group gl, and
“zMin2” and “zMax2” respectively represent a minimum
value and a maximum value of the mounting position of the
component supply unit for storing the constituent compo-
nents of the placement group g2. It 1s to be noted that Max(A,
B) indicates to select the maximum value out of A and B, and
Min(C, D) indicates to select the minimum value out of C and
D.

In step S93, the group assignment calculation part 146
calculates a placement-time interference amount corM(gl,
g2), between the combination of pairs (g1, g2) by the follow-

ing formula 2.
[Formula 2]

corM(gl,g2)=Max{Min (xMax1-xMin2, xMax2-x
Min1),0 [+Max{Min(yMax1-yMin2, yMax2-y

Min1),0} (2)

In the formula 2, “xMinl” and “xMax1” represent respec-
tively a minimum value and a maximum value on the x-co-
ordinate of the placement positions of the constituent com-
ponents 1n the placement group g1, “yMinl” and “yMax1”
represent respectively a mimmimum value and a maximum
value on the y-coordinate of the placement positions of the
constituent components 1n the placement group g1, “xMin2”
and “xMax2” represent respectively a minimum value and a
maximum value on the x-coordinate of the placement posi-
tions of the constituent components 1n the placement group
g2 and “yMin2” and “yMax2” represent respectively a mini-
mum value and a maximum value on the y-coordinate of the
placement positions of the constituent components 1n the
placement group g2.

In step S94, the group assignment calculation part 146
calculates an inter-placement group interference amount cor
(g1, g2), according to the following formula 3.

[Formula 3]

cor(gl,g2)=corP(gl,g2)+corMigl,g2)

(3)

In step S9S5, the group assignment calculation part 146
establishes a placement group interterence graph. Here, the
placement group interference graph has a graph structure in
which the placement group generated 1n step S14 of FIG. 11
1s represented as a “node”, and the placement group interfer-
ence amount calculated in the aforementioned step S94 1s
represented as a weight of “edge” which connects nodes.

FIG. 18 schematically illustrates the placement group
interference graph 192. In this figure, a node 1s indicated with
192a, and an edge 1s indicated with 1925b.

In step S96, an optimum matching of the placement group
interference graph 1s calculated, the placement group inter-
terence graph being established in the aforementioned step
S95. Hereinafter, a combination of the placement groups,
which are coupled by the edges constituting the optimum
matching, 1s referred to as a “placement group pair”.

The optimum matching 1s calculated by obtaining a group
(matching) satistying the following conditions (a) to (¢) from
the edges constituting the placement group interference graph
as shown 1n FIG. 18:

(a) the number of edge selected as a matching, out of the
edges connecting each node 1s equal to or less than one;

(b) as many edges as possible are constituent elements; for
example, an optimum matching 1s determined 1n descending
order, starting from the number obtained by (the number of
nodes)/2, when the number of the nodes 1s an even number,
and from the number obtained by (the number of nodes-1)/2,
when the number of the nodes 1s an odd number; and
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(c) a sum of the weighted values of the edges belonging to
the matching 1s small as possible.

When the placement group coupled by the edges belonging
to the optimum matching 1s assumed as a placement group to
be placed 1n each going-and-returming, it indicates that there
1s less interference at the time of pickup and placement, 1n
other words, there 1s less escaping operation and therefore,
the implementation time 1s made shorter.

It 1s to be noted that Hungarian method (Hungary method)
1s known as a method for calculating the optimum matching.
For example, it 1s possible to calculate the optimum matching
by adding sequentially an edge to the matching, starting from
the edge having a small weight value.

As described above, each placement group can be placed
from the component supply units belonging to one block,
whereby 1t 1s possible to generate a large number of pairs of
placement groups which do not interfere with one another at
the time of picking up.

In step S97, the group assignment calculation part 146 sorts
the placement group pairs which are calculated 1n step 596.
As a reference of the sorting, for istance, 1t 1s possible to
utilize a descending order of the weight values of the edges
which define the placement group pairs. The placement group
which does not belong to a pair 1s assumed as having the edge
weight value of zero.

In step S98, the group assignment calculation part 146
executes repeatedly the processing of step S99, as to all the
placement group pairs p, which are calculated in step S96.

In step S99, the group assignment calculation part 146
assigns the placement groups belonging to the placement
group pair p, respectively to the placement heads. In this
example here, out of the placement groups belonging to the
placement group pair p, a placement group having a smaller
mimmum value of placement coordinate (y-axis) of the com-
ponents constituting the placement group, and the placement
group that has not made a pair, are assigned to the placement
head located at a position distant from the pallet (in FI1G. 7, the
placement head 151B). However, this configuration 1s not
exclusive example, and any assignment method 1s applicable,
as far as the placement groups belonging to the placement
group pair p are respectively assigned to different placement
heads.

In step S100, the group assignment calculation part 146
calculates the sequencing of pickup/placement of each com-
ponent. By way of example, 1n the present embodiment, as for
the placement groups assigned to the placement heads respec-
tively, they are set according to the order which 1s sorted in
step S97 described above. Within each of the placement
groups, the component pickup/placement sequencing 1s set
according to the order 1n which the component 1s added to the
placement group i1n step S14 of FIG. 11. However, the
embodiment described above 1s not exclusive example.

FI1G. 19 1s a PAD showing a procedure for placing a com-
ponent 1n the component placement apparatus 110.

In step S110, the overall controller 141 of the component
placement apparatus 110 controls the circuit board table of
the component placement part 150, thereby locating the cir-
cuit board on the position where the component placement 1s
performed.

In step S111, the overall controller 141 repeats the process-
ing from step S112 to S113 until all the components are
placed.

In step S112, the overall controller 141 uses the placement
heads of the component placement part 150 to pick up the
component for the placement by the next going-and-return-
ing, according to the pickup sequencing stored in the pickup/
placement sequencing field 124/ of the component placement
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setting information table 124a, which 1s stored 1n the compo-
nent placement setting information storage area 124.

In step S113, the overall controller 141 places components
by using the placement heads of the component placement
part 150, according to the placement sequencing stored 1n the
pickup/placement sequencing field 124/ of the component
placement setting information table 124a.

In step S114, the overall controller 141 controls the circuit
board table of the component placement part 150, so as to
eject the circuit board 0107 on which the component place-
ment 1s completed.

As discussed above, according to the present invention, 1n
the component placement apparatus in which multiple place-
ment heads simultaneously access the circuit board and the
pallet which 1s located 1n one direction with respect to the
circuit board, settings of the component placement can be
configured considering the escaping operation of the place-
ment heads. Therefore, a user 1s allowed to produce a desired
circuit board within a short period of time.

The pallet 1s virtually divided into multiple blocks, and the
component placement setting 1s performed 1n such a manner
that only the components stored 1n the component supply
units mounted 1n the same block are picked up and placed, in
every going-and-returning of each placement head. There-
fore, 1t 1s possible to achueve a component placement setting,
involving less escaping operation.

In the embodiment as described above, the component
placement setting information is calculated i the component
placement apparatus 110 incorporating the component place-
ment part 150 and the pallet 160. However, this embodiment
1s not an exclusive example. For example, the component
placement setting information (a component placement set-
ting table) may be generated 1in the component placement
setting calculation apparatus 210 as shown 1n FIG. 20 (sche-
matic diagram of the component placement setting calcula-
tion apparatus 210), and the mnformation may be transmitted
to a component placement apparatus.

As 1llustrated, the component placement setting calcula-
tion apparatus 210 1s provided with a storage part 120, a
controller 140, an mput part 170, an output part 171, and a
communication part 172, and these elements function in the
same manner as the storage part 120, the controller 140, the
input part 170, the output part 171, and the communication
part 172 of the component placement apparatus 110.

It 1s to be noted that the component placement setting
calculation apparatus 210 described so far can be imple-
mented by the computer 900 as shown in FIG. 9.

By way of example, the CPU 901 utilizes the memory 902
or the external storage device 903 to implement the storage
part 120, the controller 140 can be implemented by loading a
predetermined program stored in the external storage device
903 into the memory 902 and executed by the CPU 901, the
CPU 901 utilizes a component mounting device not 1llus-
trated, thereby implementing the component placement part
150, the CPU 901 utilizes a pallet device to implement the
pallet 160, the CPU 901 utilizes the mput device 906 to
implement the input part 170, the CPU 901 utilizes the output
device 907 to implement the output part 171, and the CPU 901
utilizes the communication device 908 to implement the com-
munication part 172.

This predetermined program may be downloaded from the
storage medium 904 via the read and write device 905, or
from the network via the communication device 908, into the
external storage device 903, and then loaded 1into the memory
902 to be executed by the CPU 901. Alternatively, this pre-
determined program may be downloaded from the storage
medium 904 via the read and write device 905, or from the
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network via the communication device 908, and directly
loaded 1nto the memory 902 to be executed by the CPU 901.

What 1s claimed 1s:

1. A component placement apparatus which allows mul-
tiple placement heads to operate to pick up components from
a pallet and to operate to place the components on a circuit
board arranged 1n one direction with respect to the pallet
during one operation, wherein,

the component placement apparatus comprises a controller

to perform a processing, during the one operation that
the multiple placement heads, each of which moves in a
different area, pick up the components from the pallet
and place the components on the circuit board, for speci-
fying a pair of component groups to be picked up from
the pallet by the multiple placement heads so that an area
where the multiple placement heads move 1n an overlap-
ping manner 1s minimized, and

the processing for allowing each of the placement heads to

operate to pick up the components included respectively
in the component groups forming the pair, and to operate
to place the components being picked up on the circuit
board.

2. The component placement apparatus according to claim
1, wherein,

the controller generates the component group made up of

components mcluding a component picked up from a
position being close to a predetermined coordinate, and
a component to be placed at a position being close to a
predetermined coordinate, and out of combinations of
the component groups, the controller specifies a pair of
component groups that minimizes an area where the
multiple placement heads move in an overlapping man-
ner, during the one operation for picking up the compo-
nents from the pallet and placing the components on the
circuit board.

3. The component placement apparatus according to claim
2, wherein,

among a maximum number of combinations of the com-

ponent groups generable without any overlaps, the con-
troller specifies the pair which minimizes a sum of an
interference amount between the placement heads when
the multiple placement heads simultaneously pick up
components from the pallet, and an mterference amount
between the placement heads when the multiple place-
ment heads simultaneously place the components on the
circuit board.

4. The component placement apparatus according to claim
3, wherein,

the controller assumes a range of coordinates of an area

overlapping between from a minimum value to a maxi-
mum value on the pickup positions of the components
included in the component group and from a minimum
value to a maximum value on the pickup positions of the
components ncluded in another component group
forming a combination, as an interference amount
between the placement heads when the multiple place-
ment heads simultaneously pick up the components
from the pallet, and

the controller assumes an additional value of a range of

coordinates of an area overlapping between from a mini-
mum value to a maximum value of x-coordinate on the
placement positions of the components included 1n the
component group and from a minimum value to a maxi-
mum value of x-coordinate on the placement positions
of the components included 1n another component group
forming the combination, and a range of coordinates of
an area overlapping between from a minmimum value to a
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maximum value of y-coordinate on the placement posi-
tions of the components included in the component
group and from a minimum value to amaximum value of
y-coordinate on the placement positions of the compo-
nents included in another component group forming the
combination, as an interference amount between the

placement heads when the multiple placement heads
simultaneously place the components on the circuit

board.

5. The component placement apparatus according to claim
2, wherein,

the controller divides the pallet into blocks having a width

between or equal to a mimmimum width 1n which the
multiple placement heads do not interfere with one
another and the width of the pallet, and generates the
component group from the blocks divided.

6. A component placement setting calculation apparatus
which generates component placement setting information
for specitying sequencing for picking up and placing compo-
nents by each of multiple placement heads, when the multiple
placement heads operate to pick up components from a pallet
and operate to place the components on a circuit board
arranged 1n one direction with respect to the pallet during one
operation, wherein,

the component placement setting calculation apparatus

comprises a controller to perform a processing, during,
the one operation that the multiple placement heads,
cach of which moves 1n a different area, pick up the
components from the pallet and place the components
on the circuit board, for speciiying a pair of component
groups to be picked up from the pallet by the multiple
placement heads so that an area where the multiple
placement heads move in an overlapping manner 1s
minimized, and

the processing for generating the component placement

setting information that allows each of the placement
heads to operate to pick up the components included
respectively 1 the component groups forming the pair,
and to operate to place the components being picked up.,
on the circuit board.

7. The component placement setting calculation apparatus
according to claim 6, wherein,

the controller generates the component group made up of

components including a component picked up from a
position being close to a predetermined coordinate, and
a component to be placed at a position being close to a
predetermined coordinate, and out of combinations of
the component groups, the controller specifies a pair of
component groups that minimizes an area where the
multiple placement heads move 1n an overlapping man-
ner, during the one operation for picking up the compo-
nents from the pallet and placing the components on the
circuit board.

8. The component placement setting calculation apparatus
according to claim 7, wherein,

among a maximum number of combinations of the com-

ponent groups generable without any overlaps, the con-
troller specifies the pair which minimizes a sum of an
interference amount between the placement heads when
the multiple placement heads simultaneously pick up
components from the pallet, and an interference amount
between the placement heads when the multiple place-
ment heads simultaneously place the components on the
circuit board.

9. The component placement setting calculation apparatus
according to claim 8, wherein,
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the controller assumes a range of coordinates of an area
overlapping between from a minimum value to a maxi-
mum value on the pickup positions of the components
included 1n the component group and from a minimum
value to a maximum value on the pickup positions of the
components included in another component group
forming a combination, as an interference amount
between the placement heads when the multiple place-
ment heads simultaneously pick up the components
from the pallet, and

the controller assumes an additional value of a range of

coordinates of an area overlapping between from a mini-
mum value to a maximum value of x-coordinate on the
placement positions of the components included 1n the
component group and from a minimum value to a maxi-
mum value of x-coordinate on the placement positions
of the components included 1n another component group
forming the combination, and a range of coordinates of
an area overlapping between from a mimimum value to a
maximum value of y-coordinate on the placement posi-
tions of the components included in the component
group and from a minimum value to a maximum value of
y-coordinate on the placement positions of the compo-
nents mcluded 1n another component group forming the
combination, as an interference amount between the
placement heads when the multiple placement heads
simultaneously place the components on the circuit
board.

10. The component placement setting calculation appara-
tus according to claim 7, wherein,

the controller divides the pallet into blocks having a width

between or equal to a minimum width 1n which the
multiple placement heads do not interfere with one
another and the width of the pallet, and generates the
component group from the blocks divided.

11. A non-transitory computer-readable medium embody-
ing a program which allows a computer to function as a
component placement setting calculation apparatus which
generates component placement setting information for
specilying sequencing for picking up and placing compo-
nents by each of multiple placement heads, when the multiple
placement heads operate to pick up components from a pallet
and operate to place the components on a circuit board
arranged 1n one direction with respect to the pallet during one
operation, wherein,

the program allows the computer to function as a control

means to perform a processing, during the one operation
that the multiple placement heads each of which moves
in a different area, pick up the components from the
pallet and place the components on the circuit board, for
specilying a pair of component groups to be picked up
from the pallet by the multiple placement heads so that
an area where the multiple placement heads move in an
overlapping manner 1s minimized, and

the processing for generating the component placement

setting 1information that allows each of the placement
heads to operate to pick up the components included
respectively 1n the component groups forming the patr,
and to operate to place the components being picked up,
on the circuit board.

12. The non-transitory computer-readable medium accord-
ing to claim 11, where the program allowing the control
means to perform a processing for generating the component
group made up of components including a component picked
up from a position being close to a predetermined coordinate,
and a component to be placed at a position being close to a
predetermined coordinate, and
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out of combinations of the component groups, specitying a
pair of component groups that minimizes an area where
the multiple placement heads move 1n an overlapping
manner, during the one operation for picking up the
components from the pallet and placing the components
on the circuit board.

13. The non-transitory computer-readable medium accord-
ing to claim 12, where the program allowing the control
means to perform a processing for specitying, among a maxi-
mum number of combinations of the component groups gen-
erable without any overlaps, the pair which minimizes a sum
of an interference amount between the placement heads when
the multiple placement heads simultaneously pick up com-
ponents from the pallet, and an 1ntertference amount between
the placement heads when the multiple placement heads
simultaneously place the components on the circuit board.

14. The non-transitory computer-readable medium accord-
ing to claim 13, where the program allowing the control
means to perform a processing for:

assuming, a range of coordinates ol an area overlapping
between from a minimum value to a maximum value on
the pickup positions of the components included 1n the
component group and from a minimum value to a maxi-
mum value on the pickup positions of the components
included 1n another component group forming a combi-
nation, as an interference amount between the place-
ment heads when the multiple placement heads simul-
taneously pick up the components from the pallet, and

assuming an additional value of a range of coordinates of
an area overlapping between from a minimum value to a
maximum value of x-coordinate on the placement posi-
tions of the components included in the component
group and from a minimum value to amaximum value of
x-coordinate on the placement positions of the compo-
nents mcluded 1n another component group forming the
combination, and a range of coordinates of an area over-
lapping between from a minimum value to a maximum
value of y-coordinate on the placement positions of the
components included 1n the component group and from
a minimum value to a maximum value of y-coordinate
on the placement positions of the components included
in another component group forming the combination,
as an interference amount between the placement heads
when the multiple placement heads simultaneously
place the components on the circuit board.

15. The non-transitory computer-readable medium accord-
ing to claim 11, where the program allowing the control
means to perform the processing for dividing the pallet into
blocks having a width between or equal to a minimum width
in which the multiple placement heads do not interfere with
one another and the width of the pallet, and generating the
component group from the blocks divided.

16. A computer-implemented component placement set-
ting calculation method for allowing a component placement
setting calculation apparatus to generate component place-
ment setting information for specitying sequencing for pick-
ing up and placing components by each of multiple placement
heads, when the multiple placement heads operate simulta-
neously to pick up components from a pallet and operate to
place the components on a circuit board arranged in one
direction with respect to the pallet during one operation,
wherein the component placement setting calculation method
comprising;

specilying, during the one operation that the multiple
placement heads which each move 1n a different area to
pick up the components from the pallet and place the
components on the circuit board, a pair of component
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groups to be picked up from the pallet by the multiple
placement heads so that an area where the multiple
placement heads move in an overlapping manner 1s
minimized, and
generating the component placement setting information 3

that allows each of the placement heads to operate to
pick up the components included respectively in the
component groups forming the pair, and to operate to
place the components being picked up on the circuit

board. 10

17. A component placement apparatus which allows mul-
tiple placement heads to stmultaneously move independently
ol one another to pick up components from a supply area and
to place the components on a circuit board arranged in one
direction with respect to the supply area during one operation, 15
wherein,

22

the component placement apparatus comprises a controller

to perform a processing, during the one operation that
the multiple placement heads moving independently of
one another pick up the components from the supply
area and place the components on the circuit board, for
speciiying a pair of component groups to be picked up
from the supply area by the multiple placement heads so
that an area where the multiple placement heads move 1n
an overlapping manner 1s minimized, and

the processing for allowing each of the placement heads to

operate to pick up the components included respectively
in the component groups forming the pair, and to operate

to place the components being picked up, on the circuit
board.



	Front Page
	Drawings
	Specification
	Claims

